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(54) Mark inspecting system 

(57) A n^ark inspecting system comprises a camera 
(30) held in a predetermined position on a marking de- 
vice (20) capable of being located close to or in contact 
with a tire (1) supported on a marking table (3) to fomi 
a mark (M) on the tire (1). a photocoupler (36) compris- 
ing a detecting means for detecting the separation of the 
marking device (20) by a predetermined distance from 
the tire (1) after the mark (M) has been marked on the 
tire (1). a controller (35) comprising a control means for 



operating the camera (30) to form an image of the mark 
marked on the tire (1 ) upon the reception of a detection 
signal provided by the photocoupler (36) upon the de- 
tection of the separation of the marking device (20) by 
the predetermined distance from the tire (1 ), and an im- 
age processing device (31 ) comprising a mark inspect- 
ing means for analyzing the image of the mark (M) 
formed by the camera (30) for the inspectbn of the mark 
(M). 
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Description 

[0001] The present invention relates to a mark in- 
specting systenn tor inspecting marks formed on a tire. 
The Xem, tire' is used herein to signify both a finished 
tire and a semifinished tire still in process. 
[0002] Marks including a uniformity mark indicating 
acceptable uniformity determined by the measurement 
of a tire and a balance mark indicating a lightest portk^n 
of the tire are marked on the side wall of the tire by a 
marking device. Operators inspect tires visually to see 
if the marks are formed properly. However different op- 
erators give different decisions, and the visual inspec- 
tion of the marks by the operators takes much time and 
has been an obstacle to the perfect automaton of a in- 
spection line for labor saving. 

[0003] An automatic mark inspecting system is dis- 
closed in JP-A No. 6-84002. This prior art automatic, 
mark inspecting system places a tire provided with a 
mark on a rotating inspection table, rotates the rotating 
inspection table supporting the tire, and photographs 
the mark fonmed on the tire by a camera for inspection. 
This automatic mark inspecting system needs the spe- 
cial rotating inspection table and a conveying mecha- 
nism tor conveying the tire onto the rotating inspection 
table. Therefore, this known automatic mark inspecting 
system needs great equipment and operating costs, and 
a large space lor installation. Thus, this known automat- 
ic mark inspecting system is low in space efficiency. Fur- 
thermore, this known mark inspecting system needs to 
positbn the tire on the rotating table for photographing 
by a camera, which requires a special positioning de- 
vice. 

[0004] A tire marked by the marking device is con- 
veyed to a mark inspecting process and marks marked 
on the tire are inspected some time after the marks have 
been marked on the tire. Therefore, if the marking de- 
vice Is not operating normally and faulty marks are 
formed on the tire, faulty marks will be formed on a plu- 
rality of tires before the faulty marks are found in the 
mark inspecting process, which reduces production ef- 
ficiency. 

[0005] The present invention has been made in view 
of the foregoing problems In the prior art and it is there- 
fore an object of the present invention to provide a mark 
inspecting system capable of inspecting a mark marked 
on a tire immediately after the mark has been marked 
on the tire. 

[0006] According to one aspect of the present inven- 
tion, a mark inspecting system comprises a camera held 
in a predetermined position on a marking device capa- 
ble of being located close to or in contact with a tire sup- 
ported on a marking table to form a mark on the tire, a 
detecting means for detecting the separation of the 
marking device by a predetermined distance from the 
tire after the mark has been marked on the tire, a control 
means for operating the camera to form an Image of the 
mark marked on the tire upon the reception of a detec* 



tion signal provided by the detecting means upon the 
detection of the separation of the nrerking device by the 
predetermined distance from the tire; and a mark in- 
specting means for analyzing the image of the mark 
s formed by the camera for the inspection of the mark. 
[0007] Since the camera Is held on the marking devrce 
capable of being moved toward or being brought into 
contact with the tire, the image of the mark fornr>ed on 
the tire can be formed by the camera after the marking 
10 device has been separated by the predetermined dis- 
tance from the tire, and the mark can be inspected by 
analyzing the image of the mark formed by the camera. 
Accordingly, any large devices specially for inspection 
and space for installing such devices are unnecessaiy 

IS the mark inspecting system can be fabricated at a tow 
cost and uses an available space efficiently. The mark 
inspecting device takes only a very short time for inspec- 
tion, and an image of the mark marked on the tire can 
be formed and the mark can be Inspected by analyzing 

20 the image immediately after the mark has been marked 
on the tire. Therefore a useless marking operation form- 
ing faulty marks on a plurality of tires can be avokled 
and hence production efficiency of a tire productk>n line 
can be improved. 

2S [0008] In this mark inspecting system, the mark in- 
specting means discriminates between acceptable 
marks and an unacceptable marks. Since the cpnditk>n 
of the a mark can be inspected immediately after the 
mark has been marked on ai tire, the malfunction of the 

30 marking device can be detected without delay. 

[0009] In this mark Inspecting system, the mark in- 
specting means inspects a mark marked on a tire to see 
if the mark is proper for the tire. An image of the mark 
marked on the tire is analyzed to see if the mark is proper 

35 for the tire. 

[0010] This mark inspecting system may further com- 
prise an illuminating devtoe held on the marking devk:e. 
The illuminating device held on the marking device is 
able to illuminate a mark marked on a tire effectively 

40 and. consequently, the camera is able to form a clear 
image of the mark. The illuminating device scarcely 
needs additional space. 

[0011] The above and other objects, features and ad- 
vantages of the present invention will beconr>e more ap- 
45 parent from the following description taken in connec- 
tion with the accompanying drawings, in which: 

Fig. 1 is a side elevatk^n of a marking devk:e; 
Fig. 2 is a front elevation of the marking device 
so shown in Fig. 1 ; 

Fig. 3 is a fragmentary side elevation of the marking 
device shown in Fig. 1 ; 

Fig. 4 is a schematic perspective view of a mark in- 
specting system in a preferred embodiment accord- 
ss ing to the present invention; 

Fig. 5 is a block diagram of a control system Includ- 
ed In the mark ins|:>ecting system; and 
Fig. 6 is a flow chart of a control (program to be car- 
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ried out by the mark inspecting system shown In Fig. 
4. 

[0012] A mark inspecting system in a preferred em- 
bodiment according to the present invention will be de- 
scribed with reference to Figs. 1 to 6 as applied to the 
inspection of a balance mark M marked by a marking 
process at a lightest point on the side wall of a tire to 
indicate a lightest portion of the tire determined by a uni- 
formity measuring process. The mark inspecting system 
forms an image of the balance mark M and analyzes the 
image of the balance mark for inspection. 
[001 3] Referring to Figs. 1 and 2, a marking device for 
carrying out the marking process has a roller conveyor 
2, a marking table 3 provided with conveying rollers and 
disposed contiguously with the roller conveyor 2, and a 
centering .mechanism provided with centering arms 4. 
The roller conveyor 2 transfers a tire 1 examined by uni- 
formity measurement to the marking table 3 positioned 
at a tire transfer position, and then the tire 1 is centered 
by the centering arms 4 of the centering mechanism and 
Is fixedly held by the centering mechanism on the nnark- 
ing table 3. The marking table 3 can be moved in vertical 
directions between the tire transfer position and a mark- 
ing position by a cylinder actuator 5 disposed under the 
marking table 3. The tire 1 is conveyed by the roller con- 
veyor 2. is transferred from the roller conveyor 2 to the 
marking table 3 positioned at the tire transfer position 
on the same level as the roller conveyor 2. the tire 1 is 
centered and is fixedly held on the marking table 3, and 
then the marking table 3 Is raised by the cylinder actu- 
ator 5 to the marking position. 

[0014] An arm 7 is held horizontally above the mark- 
ing table 3 on a column 6. A rotating mechanism 8 Is 
mounted on a free end part of the arm 7. A vertical ro- 
tating shaft 9 supported on the free end part of the arm 
7 is driven for rotation by a nrK)tor, not shown. The center 
axis X-X of the tire 1 correctly centered by the centering 
arms 4 on the marking table 3 is aligned with the axis of 
the rotating shaft 9. A horizontal drive unit 10 is connect- 
ed to the lower end of the rotating shaft 9. The horizontal 
drive unit has a threaded rod 11 supported in a horizon- 
tal position for rotation on a support frame 11 a, and a 
nut member 12 linked to the threaded rod 11. The 
threaded rod 11 is rotated to move the nut member 12 
horizontally. A marking device 20 Is suspended on the 
nut member 12. The nnarking device 20 has a pair of 
side plates 21 having upper end parts fixed to the nut 
member 12. A supply reel 22, a take-up reel 23 and an 
idle pulley 24 are disposed between and supported for 
rotation on the pair of side plate 21 . A thermal transfer 
ribbon 25 supplied from the supply reel 22 travels 
through the idle pulley 24 and is taken up by the take- 
up reel 23. A heating head 27 internally provided with a 
heating element Is pressed against a portion of the ther- 
mal transfer ribbon 25 extending between the supply 
reel 22 and the idle pulley 24 by an actuating rod 26a of 
a cylinder actuator 28 to push the portkin of the thermal 



transfer ribbon 25 obliquely downward. The thermal 
transfer ribbon 25 is fed intermittently by one pitch at a 
time. The cylinder actuator 26 pushes the heating head 
27 toward the tire 1 to print the balance mark M on a 
5 side wall of the tire 1 by pressing the thermal transfer 
ribbon 25 against the skJe wall of the tire 1 . 
[0015] The horizontal position of the maricing device 
20 is adjusted according to the size of the tire 1 by hor- 
izontally moving the marking device 20 by the horizontal 
10 drive unit 10, in order that the distance of the heating 
head 27 from the center axis X-X of the tire 1 1s adjusted 
properly to print the balance mark M at a predetermined 
position on the side wall ot the tire 1 . The rotating mech- 
anism 8 turns the heating head 27 about the center axis 
IS X-X to set the heating head 27 at a desired angular po- 
sition. The rotating mechanism 8 turns the heating head 
27 to an angular position corresponding to a lightest 
point determined by the preceding uniformity measuring 
process on the tire 1 fixedly mounted on the marking 
20 table 3 so that the balance mark M can be marked at 
the lightest point on the tire 1 . When marking the tire 1 
with the balance mark.M, the cylinder actuator 5 raises 
the marking table 3 to the marking position to position 
the tire 1 held on the marking table 3 close to the marking 
25 device 20. 

[0016] Referring to Fig. 4. a CCD camera 30 is at- 
tached in a predetermined position to the outer surface 
of one of the side plates 21 of the marking device 20. 
The CCD camera 30 is held on the side plate 21 with 
30 the its objective directed in substantially the same direc- 
tion as the direction in which the heating head 27 is 
moved to push the transfer ribbon 25 so that the objec- 
tive is fiDcused on the balance mark M marked on the 
tire 1 when the tire 1 Is lowered by a predetermined dls- 
35 tance from the marking position to an image pickup po- 
sition after the bialance mark M has been marked on the 
tire 1 . The CCD camera 30 operates its shutter upon the 
reception of a trigger signal. An Illuminating devrce 32 
is held on a bracket 21a attached to the marking devk:e 
40 20. The illuminating device 32 illuminates the tire 1 ef- 
fectively after the tire 1 has been towered to the image 
pickup position to enable the CCD camera 30 to form a 
satisfactory image of the balance mark M. An image 
processing device 31 for control ling the CCD camera 30 
and processing the image formed by the CCD camera 
30, and a power supply 33 for the illuminating device 32 
are held on the maricing device 20. Power Is supplied to 
the image processing device 31 and the power supply 
33 through slip rings 34 mounted on the rotating shaft 
9. Signals are exchanged between the image process- 
ing device 31 and an external controller 35 also through 
slip rings 34 mounted on the rotating shaft 9. 
[0017] A photocoupler 36 is disposed on a predeter- 
mined level between the CCD camera 30 and the mark- 
ing table 3. The photocoupler 36 comprrses a light pro- 
jector 36a and a photodetector 36b. The light projector 
36a and the photodetector 36b sltb disposed so that a 
light beam projected by the fight projector 36a travals to 
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the photodetector 36b in a horizontal plane extending 
below the CCD camera 30 and spaced a distance equal 
to the focal length of the CCD camera 30 from the CCD 
cannera 30. When the marking table 3 mounted with the 
tire 1 is raised, the light beam projected by the light pro- 
jector 36a of the photocoupler 36 is intercepted by the 
tire 1 and thereby the photodetector 36b is turned off. 
When the marking table 3 mounted with the tire 1 is low- 
ered after the balance mark M has been marked on the 
tire 1 and the upper surface of the tire 1 is lowered below 
the plane in which the light beam projected by the light 
projector 36a travels to the photodetector 36b, the pho- 
todetector 36b receives the light beam projected by the 
light projector 36a and is tumed on to provide a detection 
signal indicating the arrival of the balance mark M 
marked on the tire 1 at an inspecting position corre- 
sponding to the focal point of the CCD camera 30. The 
photocoupler 36 is controlled by the controller 35, and 
a detection signal provided by the photodetector 36b is 
given to the controller 35. 

[0018] Referring to Fig. 5 showing a control system 
for mark inspection, the controller 35 supplies dc power 
and a trigger signal to the image processing device 31 
upon the reception of a detection signal from the photo- 
coupler 36, and receives the result of analysis of the im- 
age formed by the CCD camera 30. The controller 35 
supplies ac power to the illuminating device 32. 
[001 9] The operation of the mark inspecting system 
will be described with reference to a flow chart shown 
in Fig. 6. The rmrking device 20 is set at a horizontal 
position specified for marking tires of a specific type 
(step 1). The vertical rotating shaft 9 is turned to locate 
the marking device 20 at an angular positiori where the 
heating head 27 corresponds to a lightest point deter- 
mined by the preceding uniformity measuring process 
on a tire 1 supported and centered on the marking (step 
2). The marking table 3 supporting the tire 1 Is raised to 
the predetermined marking position (step 3), and then 
the heating head 27 is pressed through the transfer rib- 
bon 25 against the side wall of the tire 1 to mark a bal- 
ance mark M by thermal transfer print injg at the lightest 
point on the side wall of the tire 1 (step 4). Subsequently, 
the marking table 3 is lowered (step 5). When the mark- 
ing table 3 arrives at the inspecting position during its 
downward movement, the photodetector 36b of the pho- 
tocoupler 36 is turned on (step 6), the controller 35 gives 
a trigger signal to the image processing device 31 , and 
the image processing device 31 operates the shutter of 
the CCD camera 30 to form an image of the balance 
mark M marked on the tire 1 illuminated by the illumi- 
nating device 32 (step 7). The image of the balance 
mark M is formed while the making table 3 is being low- 
ered. The marking table 3 is stopped at the transfer po- 
sition, and then the tire 1 is carried away from the mark- 
ing table 3 (step 9). The tires 1 thus inspected are sorted 
by the quality of the balance mark M (step 10). 
[0020] An innage signal representing an image of the 
balance mark M and provided by the CCD camera 30 in 
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step 7 is given to an image analyzer irtcluded In the im- 
age processing device 31 (step 21 ). The image analyzer 
analyzes the image represented by the image signals 
to determine the area of the balance mark M (step 22). 
The balance mark M fonmed by thermal transfer printing 
by the marking device 20 is a solid circle of about 10 
mm in diameter, and the CCD camera 30 is provided 
with 240,000 image points. If the number of dots (mark 
area) forming the balance mark M Is in the range of 
14.000 to 18,000, it is deckdedthat the balance mark M 
is acceptable. Thus, chipped balance marks and de- 
formed balance marks can accurately be distinguished 
from acceptable balance marks. After the quality of the 
balance mark M has been decided on the basis of the 
mark area thereof (step 23), the image processing de- 
vice 31 gives a quality signal to a tire sorting devk:e. not 
shown, (step 24) and the tire sorting device sorts the tire 
1 by the quality of the balance mark M on the basis of 
the quality signal and displays the quality of the balance 
mark M (step 25). 

[0021] Thus, the image signal representing the image 
of the balance mark M can automatically be obtained 
during the marking process, scarcely affecting the mark- 
ing operation without conveying the tire 1 to a special 
position for mark Inspection. Sir>ce mark inspection 
does not take additional time, the efficiency of the tire 
production line can significantly be improved. 
[0022] The shutter of the CCD camera 30 is operated 
to produce an image signal representing the balance 
mark M in an instant during the downward movement of 
the marking table 3 after the balance mark M has been 
printed on the tire 1. The image of the balance nhark M 
represented by the image signal is analyzed and the 
quality of the balance mark M is determined before the 
marking table 3 reaches the transfer position. Since the 
balance mark is inspected during the rnarking process, 
the inspectbn of the balance mark M does not increase 
the tire processing time; that is, the inspection of the bal- 
ance mark M can be achieved without reducing the 
processing ability of the marking device 20. If an unac- 
ceptable balance mark M is fbmied due to the malfunc- 
tion of the marking device 20, the unacceptable balance 
mark M is detected irhmedlately and measures are tak- 
en to correct the malfunction of thie marking device 20 
without delay. Accordingly, marking unacceptable 
marks on successive tires can be avoided. 
[0023] When forming an image of a mark marked on 
a tire by the prior art, a camera and the tire must be 
positioned relative to each other in a high accuracy and 
hence a large-scale device is necessary. Since the mark 
inspecting system in this embodiment of the present in- 
vention uses the CCD camera 30 and the illuminating 
device 32 held on the marking device in predetermined 
positions, respectively, to form an image of the balance 
mark M, the marie inspecting system does not need any 
large, special device for forming an image of the mark, 
and the mark inspecting system can be fabricarted at a 
low cost and uses an available space efficiently. 
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[0024] The mark inspecting system in the foregoing 
embodiment inspects the balance mark M printed on the 
tire 1 by thermal transfer printing to se whether or not 
the balance mark M is printed properly. The present in- 
vention is applicable to inspecting a label printed with a 5 
code, such as a bar code, representing the result ot 
measurement of a tire, identification information and the 
like and attached to the tire. When such labels are used 
for marking tires, a tape on which labels are arranged is 
supplied, a marking device prints a bar code on a label io 
with a print head, and the label is attached to a tire. A 
camera or a bar-code scanner is held on the marking 
device. The texts represented by the bar code printed 
on the label attached to the tire are read and a decision 
is made on whether or not the label attached to the tire 
is provided with an appropriate bar code. In this case 
also, the mark inspecting system does not need any 
large, special device for inspecting the label to decide 
whether or not an appropriate mark is formed on the tire, 
and the mark inspecting system can be fabricated at a 
low cost and uses an available space efficiently. The 2. 
mark inspecting system takes a very short time for In- 
spection. Since the mark inspecting system forms and 
inspects an image of a mark immediately after the mark 
has been formed, an unacceptable mark can be detect- 2S 
ed immediately and measures are taken without delay 3. 
to avoid forming unacceptable rriarks on successive 
tires, so that the efficiency of the tire production line can 
significantly be improved. 

[0025] A limit switch may be used instead of the pho- 30 
tocoupler 36 for detecting the arrival of the balance mark 4. 
M at a position in a predetermined positional relation 
with the CCD camera 30 during the downward move- 
ment of the tire 1. A device capable of measuring the 
distance of downward travel of the marking table 3 or a 35 
device capable of measuring the duration of downward 
travel of the marking table 3 may be used instead of the 
photocoupler 36. 

[0026] The present invention is applicable to a mark- 
ing system in which a tire is supported on a stationary 40 
marking table, and a marking device is moved toward 
the tire supported on the marking table. The mark may 
be printed by a contactless printing method, such as an 
ink-jet printing method, instead of a contact printing 
method, such as the thermal transfer printing method as 
mentioned In the foregoing descriptioa 
[0027] Although the invention has been described in 
its preferred form with a certain degree of particularity, 
obviously many changes and variations are possible 
therein. It is therefore to be understood that the present so 
invention may be practiced otherwise than as specifical- 
ly described herein without departing from the scope 
and spirit thereof. 

ss 

Claims 

1. A mark inspecting system comprising: 



a camera (30) held in a predetermined position 
on a marking device (20) capable of being lo- 
cated close to or in contact with a tire (1 ) sup- 
ported on a marking table (3) to form a mark 
(M) on the tire (1): 

a detecting means (36) for detecting the sepa- 
ration of the marking device (20) by a predeter- 
mined distance from the tire (1 ) after the mark 
(M) has been nnarked on the tire (1); 
a control means (35) for operating the camera 
(30) to form an image of the mark marked on 
the tire (1 ) upon the reception of a detection sig- 
nal provided by the detecting means (36) upon 
the detection of the separation of the marking 
device (20) by the predetermined distance from 
the tire (1); and 

a mark inspecting means (31 ) for analyzing the 
image of the mark (M) formed by the camera 
. (30) for the inspection of the mark (M), 

A mark inspecting system as claimed in claim 1, 
characterized in that the mark inspecting means 
(31 ) discriminates between an acceptable mark and 
an unacceptable mark. 

A mark inspecting system as claimed in claim 1, 
characterized in that the mark inspecting means 
(31 ) inspects a mark (M) nnarked on a tire (1 ) to see 
if the mark is proper for the tire. 

A mark inspecting system as claimed in any of 
claims 1 to 3. characterized by further comprising 
an illuminating devbe (32) held on the marking de- 
vice (20). 
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(57) A mark inspecting system comprises a camera 
(30) held in a predetermined position on a marking de- 
vice capable of being located close to or in contact with 
a tire (1 ) supported on a marking table (3) to form a mark 
(M) on the tire (1), a photocoupler (36) comprising a de- 
tecting means for detecting the separation of the mark- 
ing device by a predetermined distance from the tire (1) 
after the mark (M) has been marked on the tire (1), a 
controller comprising a control means for operating the 
camera (30) to form an image of the mark marked on 
the tire (1 ) upon the reception of a detection signal pro- 
vided by the photocoupler (36) upon the detection of the 
separation of the marking device by the predetermined 
distance from the tire (1), and an image processing de- 
vice (31 ) comprising a mark inspecting means for ana- 
lyzing the Image of the mark (M) formed by the canriera 
(30) for the inspection of the mark (M). 
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